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Experiments i n  space have y ie lded  a phenomenal amount of  

new information regarding t h e  phys ica l  processes  which govern 

our  environment, and i n  t h i s  review it is necessary t o  be s e l e c t i v e  

i n  emphasizing t h e  major s c i e n t i f i c  a p p l i c a t i o n s  of space research  

t o  t h e  exclusion of o t h e r  developments which might be included i n  

a f u l l e r  d i scuss ion .  

These b a s i c  s c i e n t i f i c  app l i ca t ions  of space f l i g h t  veh ic l e s  

a r e  only a p a r t  of t h e  space program, b u t  they  a r e  extremely 

important because ou t  of them come t h e  advances i n  our under- 

s tanding  of t h e  b a s i c  physical  laws which mold our  environment -- 
an understanding on which a l l  t h e  technologica l  developments of 

our  present-day s o c i e t y  a r e  based t o  a l a r g e  degree,  and on which 

a l l  ou r  f u t u r e  achievements w i l l  depend. 

What are t h e s e  major l i n e s  of s c i e n t i f i c  i nqu i ry  i n  t h e  

space program, and t h e  problems which provide t h e  b a s i c  moti- 

v a t i o n  f o r  t h e  space sc ience  experiments? I n  t h e  phys ica l  s c i ences  

t h e s e  b a s i c  problems of space science include a very l a r g e  a rea  

which c u t s  ac ross  t h e  boundaries of astronomy, physics ,  and t h e  

e a r t h  sc i ences ,  bu t  i n  s p i t e  of t h e  v a r i e t y  of space i n v e s t i g a t i o n s ,  

a l l  t h e  s c i e n t i f i c  experiments a r e  designed t o  i l l umina te  only 

t h r e e  c e n t r a l  a r e a s  of  science: 

t h e  s t r u c t u r e s  of stars and qa lax ies :  t h e  evolu t ion  of s t a r s :  
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nuclear  s y n t h e s i s  of t h e  elements i n  t h e  universe .  

t h e  o r i q i n  and evolu t ion  of t h e  s o l a r  s y s t e m :  t h e  formation of  
t h e  sun: t h e  e a r l y  h i s t o r i e s  and present  s t r u c t u r e s  of t h e  p l ane t s :  

t h e  way i n  which t h e  sun con t ro l s  t h e  atmosphere of t h e  e a r t h :  
t h e  causes of weather a c t i v i t y  i n  t h e  lower atmosphere: t h e  s t r u c t u r e  
of t h e  upper atmosphere. 

Among these  t h r e e  major l i n e s  of i nqu i ry  t h e  con t r ibu t ion  of 

t h e  space program t o  t h e  f i r s t  two i s  l a r g e l y  p o t e n t i a l ,  and i t s  

promise f o r  t h e  f u t u r e  rests on p r o j e c t s  now under development b u t  

not  y e t  completed. 

t h e  rocket  and s a t e l l i t e  p r o j e c t s  of t h e  IGY and t h e  f i r s t  years  of 

The t h i r d  a rea  has been g r e a t l y  s t imula ted  by 

t h e  space program, and has a l ready seen g r e a t  a c t i v i t y .  It  i s  one 

of t h e  most e x c i t i n g  and f r u i t f u l  f i e l d s  of research  i n  t h e  space 

sc ience  program, and it w i l l  t he re fo re  be discussed a t  length.  

Although a s e r i o u s  space i n v e s t i g a t i o n  of t h e  f i r s t  problems, 

r e l a t e d  t o  t h e  evolu t ion  of t h e  s t a r s ,  i s  s t i l l  s e v e r a l  yea r s  o f f ,  

a s t a r t  has been made on  t h e  second set  of  problems a s soc ia t ed  with 

t h e  o r i g i n  of t h e  s o l a r  system and t h e  development of p l ane ta ry  

bodies .  

Two major branches of  science a r e  uni ted  i n  t h e  study of  t h i s  

problem: as t ro-phys ics ,  i n  the  cons idera t ion  of processes  a t t endan t  

on t h e  development of t h e  pr imi t ive  sun and t h e  formation of t h e  

surrounding s o l a r  nebula: and geophysics, i n  t h e  attempt t o  deduce 
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t h e  e a r l y  h i s t o r i e s  of t h e  p l ane t s  from t h e i r  p re sen t  s t r u c t u r e s .  

The e f f o r t s  t o  j o i n  t h e s e  two f i e l d s  and t o  r o l l  back t h e  h i s t o r y  of  

4.5 b i l l i o n  y e a r s ,  t o  unravel t h e  tangled  complex of  phys ica l  and 

chemical processes  accompanying t h e  b i r t h  of t h e  p l a n e t s ,  i s  one of 

t h e  m o s t  i n t e r e s t i n g  problems i n  modern science.  

I n  t h e  i n v e s t i g a t i o n  of these ques t ions ,  t h e  phys ica l  explor- 

a t i o n  of t h e  moon and t h e  p lane ts  by unmanned and manned spacec ra f t  

w i l l  p lay  a unique r o l e  i n  providing us  wi th  our  f i r s t  opportuni ty  

f o r  a comparative s tudy of  t h e  s t r u c t u r e s  of t h e  p l ane t s .  The 

moon.in p a r t i c u l a r  should y i e l d  information of except iona l  i n t e r e s t ,  

because i t s  su r face  i s  l i k e l y  t o  have 'preserved a record of p a s t  

events  going back b i l l i o n s  of years ,  unmarred by t h e  e ros ive  e f f e c t s  

of atmospheres and oceans, and r e l a t i v e l y  unchanged by mountain- 

bu i ld ing  processes .  (See Figure 1). This  i s  a record l o s t  on t h e  

e a r t h ,  probably l o s t  on M a r s  and Venus, and probably a v a i l a b l e  

nowhere else i n  t h e  s o l a r  system on a r e l a t i v e l y  access ib l e  body. 

A thorough exp lo ra t ion  of t h e  moon and t h e  p l a n e t s  i s  some 

yea r s  o f f  b u t  prel iminary explora t ions  of t h e  moon by unmanned 

v e h i c l e s  a r e  scheduled by t h e  United S t a t e s  f o r  e a r l y  1962,  and t h e  

Sov ie t  Union has a l r eady  achieved r e s u l t s  of g r e a t  importance wi th  

t h e  Lunik I11 s p a c e c r a f t ,  by which t h e  f i r s t  images of t h e  moon's 

I 
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hidden face  w e r e  secured. 

I n  s p i t e  of some b l u r r i n g  of t he  Lunik I11 photographs, they 

a r e  s t i l l  of g r e a t  i n t e r e s t ,  f o r  it i s  poss ib l e  t o  d i s t i n g u i s h  on 

them a l a r g e  number of f e a t u r e s  resemhling t h e  c r a t e r s  and maria on 

the f r o n t  face .  Perhaps t h e  most i n t e r e s t i n g  f e a t u r e  i s  t h e  Soviet  

Mountain Range, a chain extending across  the c e n t e r  of the  moon's 

hidden face.  The Soviet  Range resembles t h e  g r e a t  ranges on t h e  

e a r t h ;  it does not  look l i k e  t h e  formations c h a r a c t e r i s t i c  of the  

mountains on the f r o n t  f ace  of  the moon, which seem t o  be c i r c u l a r  

c r a t e r  wa l l s  and depos i t s  of deb r i s  formed by the impact of l a rge  

me teo r i t e s  on t h e  luna r  sur face .  (See Figure 2 )  

According t o  our  present  i deas ,  t e r r e s t r i a l  mountains r e s u l t  from 

the  combined effects of e ros ion  and the  wrinkl ing of the e a r t h ' s  c r u s t  

produced by the  s l o w  shrinkage of our  p l ane t .  The c u r r e n t  consensus 

i s  t h a t  t hese  mountain-building fo rces  have been much less e f f e c t i v e  

on t h e  moon. The markings r e f e r r e d  t o  a s  the  Soviet  Mountains could 

have r e s u l t e d  from t h e  running toge the r  of s e v e r a l  obscured but  

independent markings; b u t  we may have t o  r e v i s e  our  theories of 

l u n a r  s t r u c t u r e  i f  they  continue t o  appear a s  a s i n g l e  range i n  

l a t e r  and more d e t a i l e d  p i c tu re s .  

The US has  j u s t  embarked on i t s  own program f o r  the explora t ion  

of t h e  moon, of which t h e  f i r s t  s t a g e  i s  t h e  d e l i v e r y  t o  the  moon's 
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sur face  of a package of instruments t o  be carried on board t h e  

RANGER spacec ra f t .  (See Figures 3 and 4 )  The RANGER i s  cons t ruc ted  

t o  t ake  p i c t u r e s  of t h e  moon's su r f ace  from as c l o s e  a d i s t ance  

a s  t e n  m i l e s ,  which w i l l  r evea l  d e t a i l s  of t h e  su r face  a s  small  

a s  a few yards ac ross ,  t h a t  i s ,  hundreds of  t i m e s  f i n e r  than  t h e  

b e s t  photographs of t h e  moon taken from t h e  e a r t h .  These photo- 

graphs w i l l  be of  immense value t o  us i n  developing our  program of  

manned lunar  landings.  

The RANGER a l s o  c a r r i e s  a seismometer, an instrument f o r  

de t ec t ing  earthquakes,  which will be separa ted  from t h e  main body 

of  t h e  spacec ra f t  and slowed down t o  t h e  r e l a t i v e l y  g e n t l e  speed of 

300 m i l e s  per  hour a s  it approaches t h e  moon's sur face .  

t h e  j o l t  of t h e  landing w i l l  be equiva len t  t o  t h e  impact of a 

DC-7 h i t t i n g  t h e  s i d e  of a mountain. This d e l i c a t e  instrument i s  

nonethe less  designed t o  survive t h e  impact, and t o  t r a n s m i t  d a t a  

back t o  e a r t h  on t h e  occurrence of "moonquakes", f o r  a per iod of 

a month o r  longer ,  with t h e  a i d  of a small  r ad io  t r a n s m i t t e r  a t t -  

ached t o  it. Such s e i s m i c  measurements a r e  t h e  source of m o s t  

of ou r  knowledge ragarding the  i n t e r i o r  of t h e  e a r t h ,  and they  a r e  

a lso expected t o  t e l l  u s  what t h e  i n t e r i o r  of t h e  moon is l i k e .  

Although 

The t h i r d  major a rea  of i n v e s t i g a t i o n  i n  space sc ience  concerns 

t h e  c o n t r o l  exe r t ed  by t h e  sun  over  t h e  atmosphere of t h e  e a r t h .  

This  i s  t h e  ea rea  i n  which w e  have made major advances during t h e  
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f i r s t  e r a  of t h e  space program. It inc ludes  ques t ions  r e l a t e d  t o  

weather and atmospheric c i r c u l a t i o n ,  and t o  t h e  s t r u c t u r e  of t h e  

atmosphere a t  high a l t i t u d e s .  

Regarding weather p red ic t ion ,  t h r e e  TIROS s a t e l l i t e s  have 

been launched i n  t h e  p a s t  e ighteen months, a l l  car ry ing  TV cameras 

f o r  t h e  g loba l  s tudy of c louds,  which have alreaity been success fu l  

i n  some cases  i n  revea l ing  p o t e n t i a l  hur r icanes .  (See Figures  5 

and 6 )  

W e  t u r n  now t o  t h e  a rea  of research  r e l a t i n g  t o  t h e  upper 

atmosphere and i t s  extension i n t o  t h e  i n t e r p l a n e t a r y  medium, an 

a r e a  i n  which our  knowledge i s  inc reas ing  very rap id ly .  It i s  a t  

p re sen t  a very e x c i t i n g  and f r u i t f u l  f i e l d  of research  f o r  bo th  t h e  

t h e o r e t i c a l  and t h e  experimental s c i e n t i s t ,  and one l a r g e l y  

unexplored u n t i l  now, because before  the  age of s a t e l l i t e s  and space 

experiments t h e r e  was no way t o  g e t  fundamental da t a  on t h e  atmosphere 

and space environment. Our knowledge of atmosphere p r o p e r t i e s  -- 

which had been l i m i t e d  e s s e n t i a l l y  t o  a l t i t u d e s  below 60 m i l e s  a t  

t h e  s t a r t  of t h e  I n t e r n a t i o n a l  Geophysical Y e a r  i n  1957 -- has been 

expanded wi th  t h e  a id  of rocke ts  and s a t e l l i t e s  t o  t h e  po in t  where 

w e  now have a f a i r l y  good p i c t u r e  of t h e  atmosphere a t  he igh t s  up 

t o  1000 m i l e s ,  and i s o l a t e d  r e s u l t s  w e l l  above t h a t  l e v e l .  W e  

know t h a t  t h e  atmosphere near t h e  ground is  pr imar i ly  a mixture 
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oxygen and n i t rogen ,  wi th  a l a y e r  of atomic oxygen above extending 

o u t  t o  600 m i l e s .  Un t i l  t h i s  p a s t  year  it had been assumed t h a t  

t h e  oxygen and n i t rogen ,  which are r e l a t i v e l y  heavy gases s e t t l e  ou t  

a t  t h e  bottom of t h e  atmosphere, and t h a t  t h e  atmosphere a t  g r e a t  

he igh t s  i s  composed p r imar i ly  of hydrogen t h e  l i g h t e s t  of a l l  

gases .  

The boundary between t h e  hydrogen l a y e r  and t h e  heavier  gases  

w a s  be l ieved  t o  be a t  a he ight  of about 600 m i l e s .  However, i n  

1961 Prof.  Marcel Nicole t  o f  Belgium p red ic t ed  t h a t  helium would 

f i l l  t h e  atmosphere above 600 m i l e s ,  and s h o r t l y  a f t e r  h i s  p r e d i c t i o n ,  

instruments  c a r r i e d  on t h e  Explorer V I 1 1  s a t e l l i t e  confirmed t h e  

p r e d i c t i o n  by reveding a large amount of  helium i n  t h e  upper 

atmosphere. The helium extends from 600 t o  1500 mi les ,  forming 

a l a y e r  900 m i l e s  t h i ck .  

Above t h e  boundary of the  helium l a y e r  t h e  atmosphere changes 

t o  hydrogen gas.  The hydrogen atmosphere p e r s i s t s  up t o  about 

6000 m i l e s ,  where it merges  i n t o  t h e  i n t e r p l a n e t a r y  gas .  This 

he igh t  should mark t h e  boundary of t h e  e a r t h ' s  atmosphere. 

However, e a r l y  i n  1958 Professor  James Van A l l e n  of t h e  

State Univers i ty  of Iowa discovered t h a t  t h e r e  was an a d d i t i o n a l  

l a y e r  of p a r t i c l e s  i n  t h e  upper atmosphere, wi th  very high ene rg ie s ,  
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extending up t o  m i l l i o n s  of v o l t s .  These p a r t i c l e s  are o f t e n  

c a l l e d  t h e  Van Allen Radiation B e l t s .  

P a r t i c l e s  wi th  such high energ ies  could e a s i l y  escape from 

t h e  atmosphere i f  it w e r e  no t  f o r  t h e  magnetic f i e l d  of t h e  

e a r t h ,  which t r a p s  them and fo rces  them t o  move around t h e  e a r t h  

f o r  long per iods of t i m e .  These p a r t i c l e s  a c t u a l l y  form an outer-  

most l a y e r  of t h e  atmosphere, extending o u t  much f u r t h e r  than we  

used t o  th ink  t h e  atmosphere could reach. They go ou t  a s  f a r  as 

60,000 m i l e s ,  about t e n  t i m e s  f u r t h e r  than  t h e  o l d e r  boundary of 

t h e  atmosphere. The Van Allen l a y e r  of t h e  atmosphere i s  c a l l e d  t h e  

magnetosphere, because it could no t  e x i s t  without  t h e  t rapping  

a c t i o n  of the earth's magnetic f i e l d .  (See Figure 7 )  

The discovery of  t h e  magnetosphere by Van Allen i s  t h e  most 

s i g n i f i c a n t  s c i e n t i f i c  event of t h e  f i r s t  years  of t h e  space 

program. It has generated a g r e a t  volume of research ,  and has  

thown a new l i g h t  on t h e  r e l a t i o n s h i p  between t h e  sun  and t h e  

e a r t h .  

In te res t  i n  t h e  V a n  Allen p a r t i c l e s  was i n i t i a l l y  concentrated 

on t h e  r a d i a t i o n  danger which they p resen t  t o  a s t ronau t s  i n  manned 

space t r a v e l ,  bu t  we  now know t h a t  t h e  s c i e n t i f i c  importance of 

t h i s  discovery i s  related less t o  t h e  r a d i a t i o n  problem than t o  

t h e  r o l e  which t h e s e  p a r t i c l e s  play i n  c o n t r o l l i n g  t h e  upper 
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atmosphere. The Van Allen zones seem t o  be involved i n  t h e  

process by which energy i s  t r a n s f e r r e d  from t h e  sun t o  t h e  e a r t h  

a t  t h e  t i m e  of major s o l a r  e rupt ions .  

i n  t h e  d e n s i t y  and temperature of t h e  atmosphere, and t h e r e  has 

even been some suggestion of a connection between f l a r e s  and t h e  

weather. 

This  energy involves  changes 

F l a r e s  produce enormous changes i n  t h e  i n t e n s i t y  of t h e  Van 

A l l e n  b e l t s ,  which a r e  connected t o  t h e  o t h e r  e f f e c t s  accompanying 

s o l a r  a c t i v i t y ,  i n  a way we do not  y e t  understand c l e a r l y .  However, 

w e  t h i n k  t h a t  t hese  Van A l l e n  zones, and t h e  whole magnetosphere 

of  which they  a r e  a p a r t ,  c o n s t i t u t e  a r e s e r v o i r  i n  which s o l a r  

f l a r e  energy can be s t o r e d  i n  t h e  form of t rapped p a r t i c l e s  f o r  a 

cons iderable  t ime,  u n t i l  some subsequent s o l a r  event  d i s t u r b s  t h e  

magnetic f i e l d  and d is lodges  p a r t i c l e s  from t h e  Van Allen b e l t s ,  a s  

app le s  a r e  shaken from a tree.  A s  t o  t h e  mechanism of t h e  shaking, 

it i s  be l ieved  t h a t  when t h e  inc iden t  s o l a r  plasma cloud impinges 

on t h e  geomagnetic f i e l d ,  it produces i r r e g u l a r i t i e s  i n  t h e  f i e l d  

which s c a t t e r  t h e  p a r t i c l e s  out  of t h e i r  s p i r a l l i n g  

o r b i t s  around t h e  l i n e s  of force .  When t h e  p a r t i c l e s  are dis lodged 

f r o m  t h e  magnetosphere they  descend through t h e  horns of t h e  Van Allen 

zone, t r a n s f e r r i n g  t h e i r  k i n e t i c  energy t o  t h e  atmosphere by ion iz ing  
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c o l l i s i o n s .  This is probably t h e  cause of t h e  aurora ,  o r  northern 

l i g h t s ,  whose o r i g i n  has  been a ma t t e r  of mystery and specula t ion  

f o r  c e n t u r i e s .  Thus a s a t e l l i t e  discovery has a l ready  suppl ied 

t h e  answer t o  one of t h e  age-old problems of sc ience .  Figure 8 

shows t h e  way i n  which t h e  magnetic f i e l d  of t h e  e a r t h  channels 

t h e  a c t i v e  a u r o r a l  regions i n  t h e  a r c t i c  and a n t a r c t i c  zones. 

The l a t e s t  development i n  space science is  t h e  discovery of 

t h e  manner i n  which clouds of s o l a r  p a r t i c l e s  a r e  t r ansmi t t ed  

through i n t e r p l a n e t a r y  space t o  t h e  e a r t h ,  t o  cause t h e  aurora  

and o t h e r  e f f e c t s  i n  our  atmosphere. These clouds of p a r t i c l e s  

are produced a t  t h e  su r face  of t h e  sun, which b o i l s  and bubbles 

a c t i v e l y ,  and occas iona l ly  e r u p t s  i n  a g i a n t  ou tbu r s t  known a s  a 

s o l a r  f l a r e .  (See Figure 9)  

When a f l a r e  occurs  i n  t h e  r i g h t  p o s i t i o n  on t h e  p a r t  of 

t h e  s u n ' s  su r f ace  pointed toward t h e  e a r t h ,  t h e  cloud of  p a r t i c l e s  

e j e c t e d  during t h e  f l a r e  t r a v e l s  across  space and c o l l i d e s  with 

our  atmosphere. Such clouds move a t  about 1000 m i l e s  pe r  second, 

and take about one day t o  reach u s  t r a v e l l i n g  a t  t h a t  speed. 

Although t h e  energy c a r r i e d  by t h e  p a r t i c l e s  i n  t h e  clouds is  only 

one m i l l i o n t h  of t h e  energy r a d i a t e d  by t h e  sun i n  t h e  form of 

v i s i b l e  l i g h t ,  and i t s  e f f e c t s  a r e  usua l ly  not  no t iced  by t h e  man 

i n  t h e  s t r e e t ,  they  can, nonetheless ,  be very important.  It  

c 

- 10 - 



produces t h e  aurora  which we have a l ready  d iscussed ,  a s  w e l l  a s  

blackouts  of r ad io  s i g n a l s ,  magnetic storms, and v i o l e n t  changes 

i n  t h e  i n t e n s i t y  of t h e  Van Allen be l t s .  

I n  1960 seve ra l  g r e a t  f l a r e s  of unusual violence occurred 

a t  t i m e s  when t h e  American s a t e l l i t e s  Explorer  V I 1  and Explorer  V I 1 1  

and t h e  Pioneer V spacec ra f t  were ou t  i n  space with instruments  de- 

s igned  t o  s tudy t h e  e f f e c t s  of t h e s e  f l a r e s .  During 1961, a 

f a s c i n a t i n g  p i c t u r e  of t h e  s o l a r  p a r t i c l e  clouds has emerged from 

t h e  c l o s e  s tudy of t h e s e  space g l i g h t  d a t a  combined wi th  ground 

observat ions.  W e  have discovered t h a t  a s o l a r  cloud drags with it 

& . 
. 

P 

l i n e s  of magnetic f o r c e ,  which a r e  f rozen i n t o  t h e  cloud and forced 

t o  move with it by t h e  laws of electromagnetism. These l i n e s  of 

magnetic force  have t h e i r  roo t s  on t h e  su r face  of t h e  sun i n  t h e  

v i c i n i t y  of t h e  f l a r e ,  bu t  a s  t h e  plasma tongue moves across  

space they  a r e  drawn out  with it l i k e  loops of t a f f y .  When t h e  

e a r t h  has  been enveloped by t h e  cloud t h e  l i n e s  of magnetic fo rce ,  

which it con ta ins ,  deflect charged p a r t i c l e s  from our  p l a n e t ,  and 

s h i e l d  us from t h e  cosmic rays  by which w e  a r e  otherwise bombarded 

a t  a l l  t i m e s .  M r .  S c o t t  Eorbush of t h e  Carnegie I n s t i t u t e  i n  

Washington D. C.  f i rs t  discovered t h a t  cosmic rays drop o f f  a f t e r  

f l a r e s ,  some 20 yea r s  ago, bu t  t h e  explanat ion of t h e  decrease w a s  

a mystery, u n t i l  space experiments revealed t h a t  it was caused by 

c 
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s o l a r  clouds i n  t h e  manner w e  have descr ibed.  

The d e f l e c t i n g  a c t i o n  of  magnetic f i e l d s  wi th in  t h e  cloud 

a l s o  t r a p s  p a r t i c l e s  which a r e  a l ready  i n  i t s  i n t e r i o r ,  prevent ing 

them from escaping. Thus t h e  s o l a r  cloud a c t s  as a b o t t l e  which 

can conta in  charged p a r t i c l e s  f o r  extended per iods  of t i m e .  

Since t h e  magnetic f i e l d  i n  the  cloud provides  t h e  b o t t l i n g  a c t i o p ,  

s c i e n t i s t s  c a l l  it a magnetic b o t t l e .  

The ex i s t ence  of magnetic b o t t l e s  w a s  discovered only l a s t  

yea r .  The d a t a  c l e a r l y  show t h a t  when t h e  e a r t h  e n t e r s  t h e  b o t t l e  

formed by t h e  s o l a r  c loud,  it i s  f i e r c e l y  bombarded by p a r t i c l e s  

contained i n  t h e  h o t t l e ,  while a t  t h e  same t i m e  t h e r e  i s  a decrease 

i n  t h e  normal bombardment by cosmic rays.  

only by t h e  combination of space f l i g h t  and ground-based 

observa t ions  t h a t  w e  have been ab le  t o  ga in  t h i s  understanding of 

t h e  manner i n  which s o l a r  f l a r e s  a f f e c t  t h e  e a r t h .  This is  a 

major s t e p  forward i n  o u r  understanding of sun-earth r e l a t i o n s h i p s  

and a good example of t h e  rap id  progress  which space  research  can 

b r i n g  t o  science. 

(Figure 10 )  It i s  
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